Community respiratory viruses are significant causes of morbidity and mortality in patients with leukemia and hematopoietic stem cell transplant (HSCT) recipients. Data on characteristics and outcomes of parainfluenza virus (PIV) infections in these patients are limited. We reviewed the records of patients with leukemia and HSCT recipients who developed PIV infections to determine the characteristics and outcomes of such infections.
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Background
For many years, infections with community acquired respiratory viruses (CRVs) like influenza, parainfluenza (PIV), respiratory syncytial virus (RSV), and picornavirus were not recognized as a possible cause of serious infections in patients with cancer. However, during the past two decades and with the availability of better microbiological diagnostic tools (i.e. molecular testing), multiple studies reported on these viruses causing significant morbidity and mortality especially in patients with hematologic malignancies and those undergoing hematopoietic stem cell transplantation (HSCT) 4, 14, 16, 17, 19, 28, 29, 30 .
PIV is a common cause of viral infection in patients with hematologic malignancies, mainly leukemia, and recipients of HSCT 15, 16, 17, 19 . In these patients, PIV infection may exhibit several distinct characteristics not typically seen in the general population, such as prolonged duration of infection or shedding, non-specific initial presentation, and progressive respiratory failure 4, 17, [19] [20] [21] . This virus also may spread to the lower respiratory tract, with viral pneumonia developing in up to 50% of patients 3, 4, 15, 16, 31 and having a reported mortality rate of up to 46% 4, 16, 17, 31, 32 . Multiple risk factors for progression to pneumonia and/or associated mortality were identified in this patient population, including severe lymphopenia, concomitant other respiratory infections, PIV type III, and receipt of corticosteroids at the time of PIV infection acquisition 16, 17, 31 .
For personal use only. on October 22, 2017. by guest www.bloodjournal.org From There is currently no licensed antiviral drug for the treatment of PIV infections. Ribavirin is active against PIV in vitro but possesses only marginal activity in vivo. Reports on the efficacy of aerosolized, intravenous, or oral ribavirin in patients with PIV pneumonia have been mixed 4, 15, 16, 17, 32, 33, 34 .
Reports comparing the impact of PIV infection in patients with leukemia and HSCT recipients are lacking. We performed a retrospective study to compare the clinical course of PIV and risk factors for progression to pneumonia and/or death, with or without therapy, after PIV infection in these two patient populations.
Methods
Patients and Data Collected
From the infection control database at our institution, we identified all consecutive adult patients with PIV infection who had underlying leukemia and/or were recipients of HSCT who had received care at our institution from October 2002 to November 2007. At our institution, symptomatic patients are screened for respiratory viruses by obtaining the products of nasal washes and/or bronchoalveolar lavage and submitting them for direct immunofluorescence antigen detection for RSV and influenza A virus and by using shell vial cultures technique to detect PIV and other respiratory viruses as well. On admission, chest radiograph or CT scan of chest is done on all patients with or suspected of having respiratory viral infections or at any time when pneumonia is suspected. All hospitalized patients with within a week of diagnosis of PIV infection. Radiographic data, including computed tomography (CT) images of the chest and chest X-ray findings, were collected, as well as pertinent microbiological data. We also collected data regarding treatment with immunosuppressive and cytotoxic therapy, including chemotherapy, radiation therapy, and cumulative dose of steroids, within 4 weeks of diagnosis of PIV infection.
The use of antiviral therapy to treat the infection was recorded, including the drug, route of administration, start date, duration, and dosage, along with concurrent antimicrobial therapy and adjunctive treatment e.g., the use of intravenous immunoglobulins (IVIG). Information about any adverse drug reactions due to antiviral therapy was also collected. Finally, outcomes were recorded as complete resolution of infection, progressive infection, or death (see definitions below). Each patient underwent follow-up for at least 30 days from the date of diagnosis of PIV infection. For allogeneic transplantation, graft-versus-host-disease (GVHD) prophylaxis consisted of tacrolimus (Fujisawa Healthcare, Deerfield, IL) started on For personal use only. on October 22, 2017. by guest www.bloodjournal.org From day -2 and administered for 6-9 months if no GVHD, and mini-methotrexate (5 mg/m 2 on post-transplant days 1, 3, 6, and 11).
Definitions
Upper respiratory tract infection (URI) was defined as the presence of symptoms such as coryza, rhinorrhea, pharyngitis, cough, otitis media, and/or sinusitis in association with parainfluenza culture from nasal washings, with no evidence of new and/or progressive infiltrates on chest diagnostic imaging. Lower respiratory tract infection (LRI) or pneumonia was defined as the presence of signs and symptoms that included cough, dyspnea, and hypoxia in association with new interstitial infiltrates on chest diagnostic imaging and the isolation of PIV from bronchoalveolar lavage fluid and/or nasal washings. Cases were classified as community-acquired if symptoms developed before hospitalization or within the first 2 days after admission or as nosocomial if symptoms developed any time after that during hospitalization. Neutropenia was defined as an absolute neutrophil count (ANC) less than 500 cells/µl of blood. Lymphopenia was defined as an absolute lymphocyte count (ALC) less than 200 cells/µl of blood.
Complete resolution of PIV infection was defined as the complete resolution of signs and symptoms of PIV infection, with or without complete radiological improvement.
Progressive infection was defined as worsening of signs or symptoms and/or progression to pneumonia or death associated with PIV infection within 30 days of diagnosis.
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Statistical Analysis
Chi-square or Fisher's exact test was used for categorical data analysis. Continuous variables were compared by using Wilcoxon rank-sum tests. Survival analysis was performed on progression to pneumonia. The patients were followed up for 30 days after URI presentation.
The probabilities of being free from progressing to pneumonia was estimated for the patients with leukemia and those with HSCT by using Kaplan-Meier approach, and were compared between the two groups by using a log-rank test. A similar analysis of patient mortality within 30 days after diagnosis of PIV infection was also performed. In addition, the multiple logistic regression method was used to evaluate the independent effects of such factors as antiviral treatment and underlying condition (leukemia or HSCT) on the progression to pneumonia and mortality, as necessary. The factors we evaluated are shown in Tables 2 and   5 . First, univariate analyses were performed to evaluate the predictive effect of each factor alone. Then, any factor with a p-value <0.25 was included in a full multiple logistic regression model. Finally, the full model was reduced by a backward elimination procedure at a 5% significance level. The only exception was the factor "steroid usage of ≥ 600 mg prednisolone or equivalent" in the multiple logistic regression analysis of patient mortality within 30 days of diagnosis. We noticed that this factor was statistically significant in the logistic regression analysis of patient mortality within 60 days of diagnosis (data not shown).
Therefore, although in the univariate analysis of mortality within 30 days of diagnosis it had a p-value >0.25, we still included it in the full multivariate model, and it proved to be a significant factor in the final logistic regression model. All tests were 2-sided, and the For personal use only. on October 22, 2017. by guest www.bloodjournal.org From statistical significance was set at p ≤ 0.05. All statistical analyses were performed using SAS version 9.1 (SAS Institute Inc., Cary, NC).
Results
Patients and Baseline/Disease Characteristics
We identified 200 patients with PIV infections at an incidence of 1% (80/7745) for patients with leukemia, 1.3% for autologous HSCT recipients (23/1717), and 5.5% for allogeneic HSCT recipients (97/1756) during the study period. There was almost equal representation of males and females (52% vs. 48%, respectively). The median age was 55 yrs (range: 17-84 yrs), and most of the patients were Caucasians (153, 77%). Eighty patients (40%) had leukemia and 120 (60%) patients had previous HSCT at the time of presentation with PIV infection (Table 1) . Acute myeloid leukemia (AML) (44%) and acute lymphoblastic leukemia (ALL) (28%) were the most common malignancies among patients with leukemia.
Among those who underwent HSCT, 81% received allogeneic and 19% had autologous transplants. The median time from HSCT to diagnosis of PIV infection was 70 days (range: 0-2836 days). At diagnosis, the median APACHE II score for patients with leukemia was 14, compared with 10 for HSCT recipients (p<0.0001).
PIV type III was the most commonly identified virus (172/200, 86%), followed by PIV type I 
Patients with Leukemia versus HSCT Recipients
As shown in Table 1 , patients with leukemia and HSCT recipients were comparable in gender, age, type of PIV, and site of PIV infection at presentation. There also were no statistically significant differences in the length of hospital or Intensive Care Unit stay, rate of mechanical ventilation, or mortality rate within 30 days of PIV infection between the 2 groups ( Table 1) . On the other hand, patients with leukemia had a higher median APACHE II score at diagnosis and were more likely to be neutropenic and lymphopenic, to have progression to pneumonia, to be hospitalized due to PIV infection, and to have received chemotherapy within a month of diagnosis, when compared to HSCT recipients (all p<0.05).
Progression to Pneumonia
Patients with leukemia were more likely to progress to pneumonia than HSCT recipients during a 30-day period of follow-up after presentation with URI (p=0.001) (Figure 2) . When compared to patients with URI, patients who progressed to pneumonia were more likely to be neutropenic and lymphopenic within a week of diagnosis until symptoms resolution, had a higher median APACHE II score, were more likely to be on chemotherapy and to have respiratory co-infections within a month of diagnosis of PIV infection, and were more likely treated with ribavirin and/or IVIG (all p<0.05) ( Table 2) . Multiple logistic regression analysis showed that 3 factors were significantly associated with progression to pneumonia: neutropenia, APACHE II score > 15, and patients with respiratory co-infections within a month of PIV infection (Table 3) .
Antiviral Therapy
Nineteen patients received aerosolized ribavirin, with or without IVIG, and 36 patients received IVIG alone. The median time from the diagnosis of PIV infection to the start of either therapeutic modality was 3 days (range: 1-7 days). There were no statistically significant differences in the length of hospital stay, clinical response, duration of symptoms, and mortality rate among those who were treated with aerosolized ribavirin and/or IVIG and those who were treated with IVIG alone (data not shown). Interestingly, in patients with leukemia, the rate of progression to pneumonia was higher among patients treated at the URI stage with ribavirin, with or without IVIG, than those treated with IVIG alone (Table 4) .
Mortality
The mortality rate at day 30 was 10% (8/79) in patients with leukemia and 7% (8/108) in HSCT recipients (p= 0.7). Among patients who presented with or progressed to pneumonia, the mortality rate was higher, at 17%. There was no significant difference in survival within 30 days after diagnosis of PIV infection between patients with leukemia and HSCT recipients (p=0.5) (Figure 3 ). The cause of death was acute respiratory failure and/or multi-organ failure in 13 patients. Compared with patients who were alive at 30 days after diagnosis of PIV infection, patients who had died were more likely to have had a relapsed or refractory underlying malignancy, neutropenia within a week of diagnosis until resolution of symptoms, a higher median APACHE II score at diagnosis, and respiratory co-infections within a month of diagnosis (all p<0.05) ( Table 5) . Multiple logistic regression analysis showed that 3 factors were independently associated with death within 30 days of diagnosis of PIV infection: cancer status, APACHE II score, and corticosteroid usage at > 600 mg of prednisolone or equivalent (Table 6 ).
Discussion
To our knowledge, this is the only study to date to exclusively evaluate and compare PIV infection in a large number of patients with leukemia and recipients of HSCT. Our data show that almost half of the patients progressed to PIV pneumonia, with a subsequent mortality rate of 17%. This confirms that PIV infection causes significant morbidity and mortality not only in patients after HSCT, as described in previous studies 4, 15, 16, 18, 25, 31, 32 , but among patients with leukemia as well.
PIV type III was the most commonly isolated virus in all patients. Several other studies have documented a high occurrence of PIV type III infection in HSCT recipients 3, 14, 16, 17, 25 . Most of the outbreaks of PIV type III infection occurred in spring and summer, as has been described by other studies 15, 16, 26 .
Currently, published data on PIV infection in patients with leukemia are limited. 35 . In the same study they also found that URI was more common than LRI among these children, with no mortality attributed to PIV infection 35 . Earlier studies from our institution involving 47 leukemic patients 17 and 61 HSCT recipients 15 have reported progression to pneumonia in 55% and 44% of the patients and associated mortality rates of 27% and 37%, respectively. Our study shows almost the same rate of progression to pneumonia in patients with leukemia (61%) and in HSCT recipients (39%) but with lower frequency in the latter. However, a multiple logistic regression analysis did not reveal underlying condition (leukemia vs. HSCT) as a risk factor for progression to pneumonia.
Although more patients with leukemia were neutropenic, lymphopenic, hospitalized due to PIV infection, progressed to pneumonia, and had higher APACHE II scores at presentation; the mortality rate within 30 days of infection was comparable between the 2 groups.
Our study reports an associated mortality rate of 17% among patients who had PIV pneumonia. This rate was consistent between patients with leukemia and HSCT recipients (16% vs. 17%, respectively) but is much lower than rates previously reported in patients with PIV pneumonia (range: 25%-66%) 4, [14] [15] [16] [17] . This could be explained in part by better supportive care for these patients in recent years. Multiple risk factors for death were identified in a logistic regression model, including the receipt of high-dose steroids, having an APACHE II score > 15, and relapsed or refractory stage of malignancy at diagnosis of PIV infection. Interestingly, being on high-dose steroids at the time of diagnosis was not associated with an increased likelihood of progression to pneumonia, as reported by Nichols et al in recipients of HSCT 16 , but was associated with a higher mortality rate. As suggested in the previous study 16 , tapering of steroid use, the only modifiable risk factor, at the time of diagnosis of PIV infection may need to be considered, as it may improve overall outcome.
The significant morbidity and mortality associated with PIV pneumonia in these immunocompromised patients underscore the need for effective therapy. Because of its in vitro activity against PIV, ribavirin, mainly in its aerosolized form, has been used to treat this infection, with mixed results 4, 15, 16, 17, 32, 33, 34 . In our study, data on therapy should be interpreted with caution as we could have missed additional confounders that may have affected outcomes. Nevertheless, treatment with aerosolized ribavirin and/or IVIG did not prevent progression to pneumonia and did not affect duration of illness or survival in either group. This is consistent with earlier studies 16, 18, 25 . The significant proportion of progression to pneumonia in our patients with leukemia treated with aerosolized ribavirin with or without IVIG versus IVIG alone (Table 4 ) is more likely due to selection bias (as sicker patients are more likely to be treated with ribavirin) and to the small number of patients treated. In addition, mortality within 30 days of PIV infection was almost the same between treated versus untreated patients in both groups. Based on these data, we seldom recommend aerosolized ribavirin for therapy of PIV infection at our institution, but if patients progress to pneumonia, we may use IVIG, along with intensification of the antimicrobial regimen for possible superimposed bacterial and/or fungal infections.
A significant number of patients with PIV infection had respiratory co-pathogens isolated from the bronchoalveolar lavages or nasopharyngeal washings. Some of the earlier studies
For personal use only. on October 22, 2017. by guest www.bloodjournal.org From reported a high incidence of aspergillosis among patients with PIV type III pneumonia 16, 22 . However, Aspergillus spp. was isolated from only 3 patients in our study, while 1 patient had an invasive rhizopus infection. Most of the respiratory co-infections were bacterial in etiology (Pseudomonas aeuroginosa, Staphylococcus aureus, and Stenotrophomonas maltophilia, whereas some were viral (respiratory syncitial virus and cytomegalovirus).
These dual-or polymicrobial infections are not uncommon in immunocompromised patients.
However, it raises the question of a possible association, as seen with the influenza virus, between PIV infection and superimposed bacterial, viral, or fungal infections. As suggested by Nichols et al 16 , direct damage to the respiratory epithelium from PIV replication may predispose patients to these superimposed infections by facilitating the penetration of various organisms.
One of the major limitations of this study is its retrospective nature. Since all the information was exclusively obtained from the available medical records, there is a chance that important information could have been missed. On the other hand, some patients with mild symptoms may not have sought medical attention, and thus, their infections may have resolved on their own, which may also have contributed to selection bias.
In summary, our study shows that PIV infection is the cause of significant morbidity and mortality, not only in recipients of HSCT but also in patients with leukemia. Multiple 
